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Transluminal coronary angioplasty can serve as a model
for controlled coronary artery occlusion and reperfusion
which enables assessment of short-term changes in col-
lateral vessel filling in patients with severe atheroscle-
rotic coronary artery disease. In 16 patients with isolated
left anterior descending or right coronary artery disease
(2: 75% stenosis) and normal left ventricular function,
collateral fillingto the artery being dilated was visualized
by contrast injection into the contralateral artery using
a second arterial catheter. During balloon inflation, con-
tralateral dye injection was performed as soon as the
patient developed angina or ST-T changes or at 90 sec-
onds in those patients without symptoms or signs of isch-
emia. Grades of collateral filling from the contralat-
eral vessel were: 0 = none; 1 = filling of side branches
of the artery to be dilated via collateral channels without
visualization of the epicardial segment; 2 =partial filling
Angiographic studies performed in the first few hours of
myocardial infarction have enabled assessment of the prev-
alence and significance of collateral flow to the acutely
occluded coronary artery (1-3). These studies, however,
are limited by the fact that most patients presented several
hours after the onset of infarction and their coronary artery
anatomy before infarction was not known. Transluminal
coronary angioplasty can serve as a model for sudden coro-
nary occlusion under controlled circumstances in patients
with severe atherosclerotic heart disease. The collateral cir-
culation before, during and after balloon occlusion of the
stenotic artery can be assessed by repeated injections of
contrast medium into the contralateral coronary artery. In
this study, we evaluated the short-term changes in collateral
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of the epicardial segment via collateral channels; 3 =
complete filling of the epicardial segment of the artery
being dilated via collateral channels.
At baseline angiography, nine patients had grade 0
collateral filling, seven had grade 1 and none had grade
2 or 3. During coronary occlusion by balloon inflation,
collateral filling improved by one grade in eight patients,
two grades in five patients, three grades in two patients
and remained the same in one patient. Angina occurred
in 11 patients during coronary occlusion (mean grade of
collateral fillingduring inflation =1.8) and did not occur
within 90 seconds in 5 patients (mean grade of collateral
filling = 2.2, P = NS). These observations suggest that
in a high percent of patients with severe coronary ste-
nosis, collateral channel filling improves within 60 to 90
seconds after sudden coronary occlusion.
(J Am Coil CardioI1985;5:587-92)
channel filling in 16 patients undergoing elective translu-
minal coronary angioplasty for severe angina pectoris.
Methods
Patients. The study group was selected from 31 con-
secutive patients undergoing elective transluminal coronary
angioplasty of the left anterior descending artery or the right
coronary artery. Criteria for inclusion were: I) incapacitat-
ing angina pectoris refractory to medical therapy; 2) single
vessel disease involving either the left anterior descending
or the right coronary artery; and 3) normal left ventricular
function. Patients with left ventricular hypertrophy by
electrocardiography, anemia or peripheral vascular disease
were excluded. Informed consent was obtained from all 17
patients who met the study criteria. One patient was ex-
cluded from further analysis because injection into the con-
tralateral coronary artery was not performed during the an-
gioplasty. The clinical characteristics of the 16 remaining
patients are described in Table I.
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Cardiac catheterization and angioplasty protocol.
Medications . Dipyridamole (Persantine), 75 mg orally, and
aspirin, 325 mg orally, were given the night before and the
morning immediately before the procedure. Diazepam (Val-
ium), 10 mg orally, was administered as a premedication .
During the catheterization and angioplasty, patients received
continuous intravenous infusions of I) dextran-40 (Rheo-
macrodex), 100 cc per hour, and 2) nitroglycerin to maintain
the systolic blood pressure between 105 and 120 mm Hg.
Nifedipine, 10 mg sublingually, was administered before
traversing the stenotic lesion with the guide wire and balloon
system .
Catheter systems . A Stertzer guiding catheter (USCI)
was advanced through the right brachial artery. The balloon
dilation catheters and guide wires were manufactured by
either USCI or ACS. A 7F right or left Judkins coronary
arteriography catheter (USCI) was advanced through a sheath
placed in a femoral artery for injection into the contralateral
coronary artery . A Myler multipurpose pacing catheter was
placed into the pulmonary artery .
Table 1. Patient Characteristics (n = 16)
Age (yr)
Sex ratio (male/female)
Duration of angina (mo)
Left ventricular ejection fraction
Percent stenosis of lesion dilated
Vessel dilated
Left anterior descending coronary artery
Right coronary artery
52.2 ::!:: 12.8
12/4
12.5 ::!:: 29.9
65.5 ::!:: 5.4 %
92.3 ::!:: 7.1
12
4
Hemodynamics . Aortic pressure , peripheral coronary ar-
tery pressure (in the nine patients in whom USCI balloon
catheters were used) , pulrrionary artery pressure and left
ventricular end-diastolic pressure were determined using fluid-
filIed tubing and Statham P231D pressure transducers . The
six standard electrocardiographic limb leads were recorded
on an Electronics for Medicine monitor, enabling calcula-
tion of heart rate .
Coronary arteriography and angiopIasty protocol.
After baseline hemodynamic measurements, the contralat-
eral coronary artery was visualized by hand injection of dye.
Subsequently, the balloon catheter was placed across the
lesion to be dilated, and proximal as well as peripheral
coronary artery pressures were measured through the guid-
ing catheter and the distal port of the balloon catheter. Three
balloon inflations were performed to establish adequate flow
around the deflated balloon. The filling pressure necessary
to achieve complete expansion of the balloon was selected.
The duration of inflation was 10 seconds for the first two
inflation cycles and 40 to 90 seconds for the third inflation.
After a rest period of3 to 4 minutes , the ' 'study inflation"
was performed. During this cycle, the balloon was kept
inflated until the patient experienced typical anginal pain or
significant ST elevation or depression. The maximal dura-
tion of inflation was 90 seconds in those patients who de-
veloped no symptoms or signs of ischemia. Just before
deflation of the balloon in this cycle , proximal and peripheral
coronary artery pressure (n = 9) , pulmonary artery pressure
and heart rate were recorded and the contralateral vessel
was injected with dye. In some patierits, additional balloon
Table 2. Individual Patient Characteristics in Relation to the Change in Collateral Filling
Collateral .Filling
Grade
Before During Severity Time of
Balloon Balloon Duration of Lesion Injectiont
Case Inflation Inflation of Angina (%) Chest Pain* (sec)
I I 2 2 wk 99 Yes 80
2 0 2 5 mo 95 Yes 45
3 0 2 6mo 85 Yes 50
4 0 2 I Yz mo 95 Yes 80
5 0 I 2 wk 90 Yes 60
6 I 2 I wk 90 Yes 60
7 I 2 3 mo 95 No 90
8 I 3 2 mo 99 Yes 65
9 0 3 4 mo 99 No 90
10 I 2 36 mo 90 No 90
II 0 2 2 wk 95 Yes 60
12 I 2 I mo 95 No 90
13 0 0 120 mo 75 Yes 65
14 I 2 5 mo 90 No 90
15 0 I 10 mo 95 Yes 65
16 0 3 5 mo 95 Yes 90
PCP/Ao
0.38
0.25
0.40
0.32
0.40
0.25
0.38
0.13
0.34
*Refers to the presence or absence of chest pain during balloon inflation; tseconds into balloon inflation;
PCP/Ao = the ratio of the mean peripheral coronary pressure during balloon inflation divided by the mean
aortic pressure .
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Figure 1. Change in grade of collateral filling before, during and
aftercontrolled coronary occlusion induced by balloon inflation.
dilations were necessary to reduce the gradient across the
stenosis or to further reduce the severity of.narrowing.
After completion of the angioplasty procedure , the bal-
loon catheter system was withdrawn and a third injection
of dye into the contralateral vessel was performed. All three
injections into the contralateral artery were performed by
the same angiographer using a hand injection of 7 cc of
Renografin-76 at a flow rate of about 3 eels. During this
injection, the arterial pressure was not dampened and there
was refluxof dye around the catheter into the coronary sinus.
Grading of collateral filling. The following scale was
used to grade the filling of collateral channels: 0 = no visible
filling of any collateral channels; I = collateral filling of
branches of the vessel to be dilated without any dye reaching
the epicardial segment of that vessel (that is, right coronary
artery injection showing retrograde filling of septal branches
to their origin from the left anterior descending artery, with-
out visualization of the latter occluded artery); 2 = partial
collateral filling of the epicardial segment of the vessel being
dilated; and 3 = complete collateral filling of the vessel
being dilated. Because each of the 16 patients had three
contrast injections of the contralateral artery (before inter-
vention, during the " study inflation" and after angioplasty),
48 evaluations of collateral channel filling were necessary.
Cine films of the 48 injections were presented in a random
order, first to a panel of two angiographers and in a second
session to a third angiographer who did not have knowledge
of the panel readings. The panel reading is used throughout
this report. The second reading is used to determine the
interobserver variability. The severity of coronary stenosis
was evaluated by the method of Gensini (4). Left ventricular
ejection fraction was calculated by the method of Dodge et
al. (5).
Statistics. Values are presented as mean ± standard
deviation. Values of kappa (statistic) were computed to as-
sess agreement between the two evaluations of collateral
channel filling.
Figure 2. Example of a change in collateral fill ing from grade 0
to grade 2 during balloon inflation. A, Before transluminal coro-
nary angioplasty (Pre-TCA), there is a90%stenosis inthe proximal
left anterior descending (LAD) coronary artery. B, There are no
visible collateral channels originating from the right coronary ar-
tery (RCA). C, During balloon inflation, grade 2 collateral chan-
nels (Coil) are seen partially filling the epicardial segment of the
left anterior descending artery .
Results
Angioplasty results. Before angioplasty, 15 patients had
a lesion of 85% or more and I patient had a narrowing of
75%. After completion of angioplasty, the most severe re-
sidual lesion was 30%; the mean gradient across the lesion
n
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Figure 4. Interobserver variability in evaluating collateral channel
grade before and during balloon inflation.
angiographer (Fig. 4) for preintervention grades (kappa =
0.756, P = 0.004), "study inflation" grades (kappa =
0.666, P = 0.03) and postintervention grades (grade 0 col-
lateral filling in all patients by both readings).
Hemodynamics. The mean value for the ratio of the
mean peripheral coronary artery pressure to the mean prox-
imal coronary artery pressure was significantly higher before
balloon inflation (0.33 ± 0.075) than during the study bal-
loon inflation (0.23 ± 0.066, n = 9, P < 0.02). Heart rate
increased from 67 ± 6 beats/min at baseline to 75 ± 13
beats/min during the study balloon inflation (n = 16, p =
NS); mean aortic pressure decreased from 88.6 ± 8.7 to
Figure 3. Example of a change in collateral filling from grade 0
to grade 3 during balloon inflation. A, Before transluminal coro-
nary angioplasty (Pre-TCA), there is a 95%stenosis in the proximal
left anterior descending (LAD) artery near the origin of a diagonal
(Dg) branch. B, There are no visible collateral channels originating
from the posterior descending artery (PDA). C and D, During
balloon inflation, grade 3 collateral vessels (Coli) are seen origi-
nating from the posterior descending artery and completely filling
the mid and distal left anterior descending (LAD) artery and the
diagonal (Dg) branch. RCA = right coronary artery; RPL = right
posterolateral branch.
was reduced from 57 ± 7 to 11 ± 3 mm Hg (Table 2).
There were no complications.
Changes in collateral filling. At baseline angiography,
nine patients had no visible collateral filling. In the re-
maining seven patients, grade 1 collateral filling was noted.
During balloon inflation, collateral filling improved in 15
of the 16 patients (Fig. 1). Improvement of collateral filling
by one grade occurred in eight patients, by two grades in
five patients (Fig. 2) and by three grades in two patients
(Fig. 3). The one patient who had a 75% lesion at baseline
angiography remained without visible collateral channels
during balloon inflation. After compietion of angioplasty,
all patients had grade 0 collateral filling. There was excellent
agreement between the two-member panel and the third
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87.5 ± 4 .5 mm Hg (p = NS) and pulmonary artery diastoli c
pressure increased from 11 .3 ± 2.8 to 15.3 ± 3.4 mm Hg
(n = 16, P = NS).
Chest pain. Eleven of the 16 patient s developed typical
anginal pain during the study inflation. Anginal pain began
35 to 85 seconds after the beginning of balloon inflation .
Five patients experienced no angina dur ing 90 seconds of
coronary occlusion by the inflated balloon . There was no
correlation between the quality of co llateral filling durin g
coro nary occlusion and the occurrence of chest pain .
Discussion
Previous documentation of collateral filling after coro-
nary occlusion. In experimental studies , Khouri et al. (6)
found that progressive occlu sion of a coronary artery over
a period of 3 to 5 days was associa ted with a greater than
fourfold increase in retrograde flow through collateral chan-
nels as compared with retrograde flow collected immediately
after sudden coronary occlusion. These collateral channels
immed iately became nonfunctional on removal of the coro-
nary artery obstruction. However , once the capacitance of
the collateral channels had been improved. they remain ed
ready to resupply the affec ted myocardium within I hour
of a subsequent reocclu sion .
In patients, Bourassa et al. (7) demonstrated angiograph-
ically changes in collat eral filling after coro nary artery by-
pass surgery. Collateral channels that had not been visible
on the preoperative angiogram were demonstrated postop -
eratively in those patients in whom graft occlu sion was
associated with new compl ete obstruction of the recipient
artery . Conversely, collateral channels that filled a com-
pletely obstructed vessel before surgery were no longer vis-
ible if anterograde flow had been restored by a functioning
graft. Reappearance of collateral channels that had been
present preoperatively but not visualized after initially suc-
cessful revascularization was noted in seve ral patients who
experienced late graft occlusion. Most of these changes in
collateral filling were demonstrated angiographically 2 weeks
after bypass surgery .
Immediate changes in collateral filling were observed in
pat ients with coronary spasm (8- 10). In one patient , in
whom coronary spasm superimposed on a seve re athero-
sclerotic lesion caused complete obstruction during angi-
ography , dye injection into the contralateral artery revealed
collateral filling to the diseased vessel not visible before the
acute occlusion (8) . In five patients , Takeshita et al. (9) and
Tada et al. (10) found that spastic occlusion of normal
coronary arteries was associated with new co llateral filling.
Present study on coronary occlusion due to balloon
inflation. The present study documents that mechanically
induced complete coronary obstruction by balloon inflation
causes immediate appearance of collateral channels in a high
percent of patients with severe atherosclerotic narrowing
and no evidence of coronary spasm. Although the angio-
graphic appearance of these collateral channel s is striking,
our data do not allow any conclusions concerning their na-
ture. Intercoronary collateral channels up to 400 /.L in di-
ameter have been demonstrated to be congenitally present
in normal hearts (1 1, 12). Because the resolution of the cur-
rent angiographic systems is 100 u , the collateral channels
we observed durin g total occlusion could conceivably be
those that were present before the developm ent of coronary
artery disease . The pressure gradient across the collateral
circuit caused by the sudden total occlu sion of the epicardial
coronary artery could have promoted filling of these native
collateral channels . Alternatively , it is possible that the con-
genitally present collateral channels were enlarged as a result
of the severe atherosclerotic narrowing , and that in patients
with less severe lesions the incidence of visible collateral
channels would have been lower.
Coro nary angiography during the first 12 hours of in-
farction revealed collateral channels in only 50% of patient s
with complete thromb otic coronary occlusion (13). It is
possible that these patients had less seve re atherosclerotic
narrowing before complete occlusion by a thrombus than
did our patients before angioplasty. An additional factor that
might influence the prevalence of demonstrable collateral
channels after coronary occl usion is the simultaneous
administration of vasodilators. However , the effect of vaso-
dilator s on collateral flow is stilI uncertain (14).
Clinical implications. The functional significance of the
collateral channels that appear during translum inal coronary
angioplasty is unknown . Our study did not evaluate flow
through the collateral channels. Therefore, no conclusions
can be reached regarding their possible protective effect in
the event of a permanent coron ary occlusion resulting from
an angioplasty complication . However, Aizawa et al. (IS),
in their study of collateral filling in patients with spasm and
normal coronary arteries, indicated that demonstration of
good collateral filling did indeed correl ate with a protective
effect agai nst sudden myocardial ischemia . Further studies
are needed to eva luate the functional role of collateral chan-
nels that are visible only after sudden coronary occlu sion
in patients with atherosclerotic heart disease .
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